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34
The oil sands of Northern Alberta and Saskatchewan make up 97% of Canada's and one third of 35 the world's proven oil reserves (1) . Oil sands production is growing and is an important economic 36 driver both nationally and globally, with Canada currently the largest supplier of crude oil and 37 petroleum products to the United States. Growth rates have been rapid, with total oil sands production 38 only 100 000 barrels of oil per day Monitoring Program lacked leadership and, due largely to deficient scientific design and a lack of pre-43 impact data, were unable to definitively distinguish oil sands industrial impacts (4, 5, 6, 7). 44 In terms of atmospheric contaminant emissions alone, there are concerns regarding bitumen bitumen upgrading facilities and other oil sands development (9, 10). Dated lake sediment cores have 53 also been used to reconstruct historical PAH loadings to aquatic ecosystems and assess atmospheric 54 sources (11, 12, 13) . Results demonstrated that PAH deposition has increased by ~2.5-23 times since 55 the ~1960s with increasing alkylated PAHs and dibenzothiophenes, as well as their diagnostic ratios, 56 pointing to an increasingly larger input of petrogenic PAHs coincident with bitumen resource 57 development (12, 13).
58
Of the numerous other contaminants of concern in this region, mercury (Hg), which in addition 59 to being one of the 13 PPEs, is particularly contentious as there are fish consumption advisories for demonstrating that snowpack density was fairly consistent over the sampling region ( Figure S2 ).
150
Snowpacks at some sites within the major development area, such as site AR6 which is located on the 151 Athabasca River and adjacent to the two major bitumen upgraders, had visible dark layers while others 152 appeared fairly white ( Figure S3 ). This layering could result from melt-freeze cycles which caused 153 percolation of particulate matter through the snowpack and formation of dark layers upon refreezing 154 or from large episodic emission/deposition events. it can be taken up by organisms and biomagnified through food chains. Therefore, the elevated MeHg 168 levels in snowpacks may be of particular relevance to aquatic and terrestrial ecosystems of the region.
169
The THg and MeHg deposited to snowpacks of the Athabasca oil sands region was predominantly 170 bound to particulates >0.45 µm in size (79 ± 12 and 72 ± 18% particulate-bound, respectively), which 171 may affect its transport, availability for uptake by organisms, and ultimately its impact on local 172 ecosystems.
173
To determine the quantity of Hg that enters ecosystems at spring snowmelt, springtime MeHg, which are likely of concern in this region. (Table   293   S4 Fe and 76 for Al) (Table S8) . Interestingly, because the CCME guideline for Al is pH dependent (the Al 398 threshold drops from 100 to 5 µg L -1 for snow of pH <6.5) and the snow was acidic and many of our 399 sites (6.2 ± 1.2; range 1.6 to 8.4), the guideline for Al was exceeded at 8 of the 9 distal sites in the PAD. 400 CCME guidelines are not currently available for V and La, which were also elevated in snowpacks within 401 the major development area ( Figure S6 ). TP is also deposited to snowpacks in the Athabasca oil sands 402 region ( 
